Objective: To determine the incidence and type of delayed complications from nonoperative management of adult splenic injury.
Results: Patients managed nonoperatively had a significantly lower Injury Severity Score (P<.05) than patients treated operatively. Length of stay was significantly decreased in both the number of intensive care unit days as well as total length of stay (P<.05). The number of units of blood transfused was also significantly decreased in patients managed nonoperatively (P<.05). Seven patients (8%) managed nonoperatively developed delayed complications requiring intervention. Five patients had overt bleeding that occurred at 4 days (3 patients), 6 days (1 patient), and 8 days (1 patient) after injury. Three patients underwent splenectomy, 1 had a splenic artery pseudoaneurysm embolization, and 1 had 2 areas of bleeding embolization. Two patients developed splenic abscesses at approximately 1 month after injury; both were treated by splenectomy.
Conclusion: Significant numbers of delayed splenic complications do occur with nonoperative management of splenic injuries and are potentially lifethreatening.
Arch Surg. 1998; 133:619-625 A S SURGEONS have become more comfortable with nonoperative management of splenic injuries in both children and adults, [1] [2] [3] [4] the traditional indications for nonoperative management have liberalized. This trend is pushed further by today's managed care environment, as physicians and administrators look for ways to cut costs without sacrificing quality of care. We wondered if relaxing the criteria for nonoperative management or changing the monitoring and follow-up was potentially harmful to patients. Therefore, the purpose of this study was to identify delayed (Ͼ48 hours) complications directly attributable to the nonoperative management of splenic injury in adults.
RESULTS
The clinical data for the 4 groups are presented in Table 1 . Men constituted 66% of the population. Motor vehicle crash was the predominant mechanism of injury in 220 patients (79%), followed by motor vehicle/pedestrian collision in 17 (6%), motorcycle crash in 11 (4%), falls in 9 (3%), bicycle crash in 4 (1%), assaults in 4 (1%), all-terrain vehicle crash in 3 (1%), sportsrelated in 3 (1%), and other in 9 (3%). There were no significant differences between the 4 groups in the mechanism of injury. There was no significant difference in age between those patients treated operatively and those managed nonoperatively. However, the patients who died within 48 hours of injury were signifi- cantly older than the remaining patients (P<.05). Not surprisingly, the mean ISS was significantly lower in those patients who were managed nonoperatively (P<.05). The amount of blood transfused was also significantly less in those patients managed nonoperatively (P<.05). Of the 87 patients managed nonoperatively, 66 (76%) required no blood transfusions at all. Patients managed nonoperatively had a significantly shorter length of stay in the ICU (P<.05) as well as a shorter overall length of stay (P<.05). The mortality rate of those patients managed nonoperatively was half that of those requiring splenectomy or splenorrhaphy and none died as a result of their splenic injuries. The 3 deaths among those patients managed nonoperatively were caused by their other injuries. These 3 patients had an average ISS of 30 and ranged in age from 64 to 91 years.
Six patients (7%) failed nonoperative management within the first 48 hours. There were an additional 7 patients (8%) who developed delayed complications (Ͼ48 hours) with nonoperative management of their splenic injuries. Five patients had overt bleeding that occurred at 4 days (3 patients), 6 days (1 patient), and 8 days (1 †PϽ.05 when the mean age of those who died is compared with those treated operatively or managed nonoperatively. ‡PϽ.05 when the ISS, the number of units of blood transfused, and the total length of stay are compared between operatively treated and nonoperatively managed patients.
PATIENTS AND METHODS
A total of 10 472 patients with blunt trauma were admitted to Hermann Hospital, Houston, Tex, during a 4-year period (January 1, 1993, through December 31, 1996) . Three hundred twenty-one patients were identified through our trauma registry as having sustained blunt trauma to the spleen. To examine delayed complications of splenic injuries in adults managed nonoperatively, we included only patients 14 years and older admitted to our adult trauma service. This left 280 patients for review. These patients were separated into 4 groups. Group 1 includes all 280 adult patients with splenic injury; group 2, all 59 patients who died of their multiple injuries within 48 hours of admission; group 3, all 134 patients who required splenectomy or splenorrhaphy within the first 48 hours of injury; and group 4, all 87 patients who had splenic injuries managed nonoperatively.
Delayed complications were defined as any complication directly attributable to the splenic injury that occurred more than 48 hours after injury. Delayed complications were identified by reviewing the proceedings of the trauma morbidity and mortality conference. Cases identified as having potential splenic complications underwent a focused medical record review as well as being discussed with the responsible attending physician. Seven patients were found to have delayed complications attributable to their splenic injuries that required intervention.
The following data was obtained from our trauma registry: age, sex, race, mechanism of injury, Injury Severity Score (ISS), number of intensive care unit (ICU) days, overall length of stay, number of units of blood transfused, day of operation, and discharge disposition. This project was undertaken with the permission of the Committee for the Protection of Human Subjects at the University of TexasHouston Medical School.
Hermann Hospital is the main teaching hospital for the University of Texas-Houston Medical School and a level I trauma center with an active air ambulance service serving the greater Houston area. The trauma service at Hermann Hospital during the time of this study evaluated all injured patients aged 14 years and older. The standard approach to the patient with suspected abdominal injury was as follows. All unstable patients underwent diagnostic peritoneal lavage, while those who were hemodynamically stable underwent abdominal computed tomographic (CT) scanning. When the number of patients requiring CT was so great as to cause an untimely delay, diagnostic peritoneal lavage was used instead. While most patients with a positive diagnostic peritoneal lavage underwent exploratory celiotomy, there were occasional stable patients with a positive diagnostic peritoneal lavage who underwent abdominal CT followed by observation. Stable patients with splenic injury were admitted for monitoring of their vital signs and hemoglobin level and an abdominal examination. Diet and activity were advanced as their conditions permitted. Routine follow-up CT scans were not obtained, unless the patient exhibited worsening of clinical symptoms or had a drop in hemoglobin levels that could not be explained by other injuries. During the time of this study, there were no specific guidelines for management of blunt splenic injury. These decisions were at the discretion of the attending surgeon.
Data are expressed as mean±SEM. Statistical comparisons of means were made using the Student t test. Level of confidence was defined as P<.05. patient) after injury. Three patients underwent splenectomy and 2 patients underwent angiography with embolization. Two patients developed splenic abscesses at approximately 1 month after injury and both were treated with splenectomy. Table 2 briefly characterizes the 7 patients who developed complications. The first 5 patients all had delayed hemorrhage from their spleen, ranging from 4 to 8 days. Three of the 4 had significant other injuries. Four of the 5 patients had a slow downward drift of their hemoglobin levels, necessitating surgical exploration. One patient had an acute drop in hemoglobin level 4 days after injury. The older patients, ranging in age from 32 to 50 years, underwent splenectomy, while the younger patients (aged 17 and 18 years) were treated with embolization. One patient was actually sent home from the emergency department (patient 2) and returned 2 days later with left shoulder and abdominal pain. After being observed for an additional 2 days, he underwent surgical exploration for a downward drift of his hemoglobin level.
Patient 5 is an 18-year-old man who was injured in a motor vehicle crash. He suffered a left rib fracture and a left hemothorax. His initial abdominal CT scan found a splenic injury and a right perinephric hematoma. On day 6 after injury, a second abdominal CT scan was obtained because of a slow decrease in hematocrit. This showed a questionable vascular blush in the spleen. On day 8 after injury, he underwent successful embolization of a splenic artery pseudoaneurysm, shown in Figure 1 .
Patient 6 is a 19-year-old man who fell from a roof. He was found to have a small splenic contusion on abdominal CT scan as well as a left shoulder dislocation. He remained hemodynamically stable throughout his hospital course but demonstrated an unwillingness to participate in aggressive pulmonary care, which culminated in the evolution of a left-sided Staphylococcus aureus pneumonia. This was treated with intravenous antibiotics, and he was subsequently discharged home. At 1 month after injury, he returned to the clinic complaining of shortness of breath, fever, and leukocytosis. Results of a chest x-ray film (Figure 2, top) showed what appeared to be a large pleural effusion. A chest tube was placed with incomplete resolution of the pleural effusion. An abdominal CT scan (Figure 2 , bottom) showed a small pleural effusion and a large splenic abscess. He underwent splenectomy (which was difficult to perform given the size and local inflamation of the spleen) and recovered uneventfully.
Patient 7 is a 26-year-old man who fell and was found on evaluation of his abdominal pain by abdominal CT scan (Figure 3, top) to have an old splenic pseudocyst that had ruptured and caused free fluid in the abdomen. Although the patient denied any known splenic trauma, he was a bull rider; thus, the calcified cyst was presumed to be a traumatic splenic pseudocyst. He was discharged from the hospital 2 days after the fall when he had remained stable and his hemoglobin level did not drop. He returned 2 weeks later with obvious ascites and a reaccumulation of the cystic fluid (Figure 3, bottom) . It was percutaneously drained and he was sent home with the drain in place. He returned 2 weeks later (having missed his follow-up appointment) with fever, leukocytosis, and a splenic abscess. He underwent splenectomy and recovered uneventfully.
COMMENT
The criteria for nonoperative management of splenic injuries in adults have traditionally included (1) no hemodynamic instability after minimal fluid resuscitation; (2) documentation of splenic injury by imaging techniques; (3) absence of a serious associated intraabdominal injury; (4) no altered level of consciousness that may interfere with serial abdominal examinations; and (5) age younger than 55 years. 5, 6 Recently, there has been a trend toward liberalization of these criteria, as more surgeons become comfortable with nonoperative management. [7] [8] [9] At our institution, there are no specific guidelines for management of blunt splenic injuries. The only definite requirement for nonoperative management is that the patient be hemodynamically stable. Age is not considered a contraindication, nor is the presence of a head injury. Transfusion remains a variable that changes from patient to patient but, because of the strong involvement of the pediatric surgeons in our trauma group, we have become more liberal with the use of transfusion in attempting nonoperative management of splenic injuries. Risk of transfusion and nonoperative management of splenic injury have remained controversial, 10 despite the decreased risk of transfusion-related infections.
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In the past, patients selected for nonoperative management were routinely prescribed several days of bed rest, given nothing by mouth, and had nasogastric decompression. The patient's hemoglobin level and abdominal examination results were checked frequently during the first 24 hours and then less frequently as the patient's condition dictated. Follow-up CT scans have been advocated to document resolution of the injury. 12, 13 The overall duration of hospitalization for isolated splenic injury was 5 to 10 days, depending on the patient and the degree of injury. This scenario is being challenged in today's managed care environment as physicians and administrators look for ways to cut costs without sacrificing quality of care. 14 We rarely use nasogastric decompression for the isolated splenic injury. Patients are fed and mobilized much quicker than in the past because we are being asked to discharge patients from the hospital sooner. Follow-up studies are obtained only when indicated by the clinical examination results. 15 Any request for follow-up studies as an outpatient must be approved by the primary care provider; the uninsured patient must pay "up front" for the test. In addition, many patients are being told by their insurance plans that they must follow up with their primary care physician.
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ECAUSE OF this liberalization of the criteria for nonoperative management of splenic injury and the push to decrease hospital and outpatient costs, we decided to focus on patients who developed delayed complications from their nonoperatively managed splenic injuries. Our study found an 8% incidence of delayed complications of nonoperative management of adult splenic injuries. This is difficult to compare with others, as most authors report all patients who fail nonoperative management, which includes those who require operative intervention within 48 hours. 1, 13 Complications other than hemorrhage are often presented as isolated case reports. [16] [17] [18] [19] In our series, the delayed complications (Ͼ48 hours) include delayed hemorrhage, splenic artery pseudoaneurysm, splenic pseudocyst, and splenic abscesses.
Although most patients who fail nonoperative management will require splenectomy or splenorrhaphy within 48 to 72 hours, 20 we had 5 patients (6%) who bled from their splenic injuries 4 or more days following injury. This is similar to the Western Trauma Association's 5-year, multiinstitutional study in which 5 (5%) of 112 patients managed nonoperatively bled more than 4 days after injury. 1 Rupture of a subcapsular hematoma has been implicated as the cause of most delayed splenic bleeding; however, Black et al 21 concluded that a subcapsular hematoma is neither a predictor for delayed splenic rupture nor an indication for operative treatment. The cause in such cases is most probably secondary bleeding from the lysis of clotted blood at the site of the original injury. 22 Splenic artery pseudoaneurysms are reported following trauma and are another potential mechanism for delayed splenic hemorrhage. 12, 16, 18 The natural history of this entity is unknown. When identified, it should be treated with embolization and splenectomy should be considered only when embolization or splenorrhaphy are not technically feasible.
Similar to previous reports, 13, 23 our study had 1 patient who had delayed hemorrhage requiring splenectomy and was noted to have normal results on abdominal CT scan on hospital admission. Although Buntain et al 24 found that their classification correlated with a need for operative treatment, others have found that higher grades of splenic injury on CT do not necessarily correlate with an increased rate of failure of nonoperative management. 25, 26 Splenic pseudocysts are uncommon and usually result from blunt abdominal trauma. Most authors recommend either splenectomy or resection of the cystbearing portion of the spleen with preservation of the remaining normal splenic parenchyma. 27, 28 Patients rarely present with traumatic rupture of an old traumatic pseudocyst as did our patient 7.
17,29 Nonoperative management was ultimately unsuccessful as he developed a marked increase in ascites with reaccumulation of the splenic cyst fluid. The cause of the ascites was unclear. Normal fluid amylase determinations ruled out a pancreatic pseudocyst. In an attempt to salvage the spleen, percutaneous drainage was attempted and the cyst temporarily collapsed. However, the splenic cyst subsequently became infected, necessitating splenectomy.
Splenic abscess is an uncommon complication following nonoperative management of splenic trauma. Its source may be hematogenous or contiguous. 30 As was typical in our patients, patients with splenic abscess present with fever, elevated white blood cell count, and left upper quadrant tenderness. Splenectomy is the usual treatment of choice; however, selected patients may be considered for percutaneous drainage. 31, 32 A study such as this should prompt physicians to review their management algorithms. We, like most trauma centers, have begun to employ ultrasonography as our initial screening tool for abdominal injury. Ultrasonography is a rapid, sensitive test for determining the presence of free intra-abdominal fluid, 33 yet it is not as sensitive as CT in determining the source of the fluid. [34] [35] [36] Our current algorithm for the evaluation of blunt abdominal trauma preferentially uses abdominal ultrasonography in both stable and unstable patients as the initial screening tool. Stable patients undergo CT scanning if ultrasonography results are abnormal or if the patient has an indication for another type of CT. By increasing the use of ultrasonography and decreasing the use of abdominal CT, we decrease costs but increase the possibility of missed splenic injuries.
This study did not attempt to define the management of patients with blunt splenic injury, but looked at the late complications that develop following injury. These are the complications that can occur when patients are sent home early with either a known splenic injury or even an unknown splenic injury. Delayed complications from nonoperative management of adult splenic injuries do occur. The complication rate is significant and indiscriminate discharge of patients with blunt splenic injury may be potentially harmful. As we strive to decrease hospital costs and decrease length of stay while maintaining high-quality medical care, this study should prompt us to remember that patients with splenic injury have the potential for developing lifethreatening complications. Patients must be instructed carefully as to what to watch for and physicians must maintain careful follow-up of patients with abdominal trauma. It is important that the age of the patient was not a contraindication to nonoperative management. The literature is replete with contributions, largely before 1990 but also in more recent papers, proposing that patients older than 55 years should not be managed nonoperatively. There are patients in this group, and the oldest I saw in the manuscript was 91 years of age, who were managed without operation. The current trend is to do just that. I would ask how many of the patients in this cohort of 87 were actually older than 55 years. Did you notice any particular difference in blood transfusion requirements or in other parameters that influenced outcome in these older patients?
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The second issue relates to CT scanning in splenic trauma. A number of authors have adopted the Buntain classification of splenic trauma, grading it 1 to 6, proposing that this is a viable way to differentiate patients who should be operated on from those best treated nonoperatively. I wonder whether this CT evaluation of splenic rupture was used by the authors to decide whether operative or nonoperative measures should be used. Obviously, the principle that a grade 4 lesion should not be treated nonoperatively is difficult to justify with our current understanding that CT scans often overestimate splenic as well as hepatic damage.
There was one arteriogram shown in the series, in the patient who had a branch pseudoaneurysm of the splenic artery; is arteriography still advocated following a positive CT scan? In Chicago, most of the CT scanning now is done with intravenous bolus contrast and the helical CT scanner. Whether the arteriogram adds anything is hard to say, but I would like to hear the authors' comments.
There are 2 major concerns with nonoperative treatment, the first of which is that no other injuries be missed; there were no missed injuries in this series. The other is that with nonoperative therapy, splenic salvage is often compromised after a delay and it may then not be possible to repair the spleen when operation becomes necessary. None of the 7 patients who were operated on for late complications did have splenic salvage, but the question is whether any of the 6 patients who were operated on after observation but in the first 48 hours of proposed nonoperative management had splenorrhaphy. Overall, in your experience, does delay significantly impact on your ability to save the spleen? Ernest E. Moore, MD, Denver, Colo: This report is timely and critical to emphasize the difference between the behavior of major liver fractures vs splenic injuries. We tend to follow the literature on liver injuries and assume that spleens will behave similarly. It is noteworthy that these delayed bleeds occurred at 4 to 5 days. Did your helical CT scans show you anything that might identify a high-risk patient who may be a candidate for presumptive arterial embolization? Alternatively, a more aggressive surveillance of these high-risk patients could be done with ultrasound. While follow-up CT scanning in liver injury has been discouraged, ultrasound may serve an important role for the spleen injuries.
Dr Moore: Dr Baker has asked several cogent questions. The first issue was how many of our patients managed nonoperatively were older than 55 years. At our institution, advanced age is not a contraindication for low-grade splenic injuries. An important factor in our decision tree is whether comorbid disease exists. Elderly patients appear to have a higher failure rate. If they have comorbid disease, failure may lead to an adverse outcome. For example, if a patient has coronary artery disease, they will go to the operating room, not the ICU, to be observed. As far as the use of the CT scan results to decide whether early operations would be performed, I believe that we follow the national trend. Grade 1, 2, and 3 splenic injuries would be managed nonoperatively unless the patient is hemodynamically unstable or has evidence of a hollow viscus injury. Of note, one of our patients had a vascular blush on the initial CT scan. This is indicative of ongoing bleeding and thus makes this a grade 4 injury. With the advent of the helical CT scanner, we see more vascular blushes. This is of concern and might be an indication for presumptive angiographic embolization.
Dr Baker also commented on the issue of missed hollow viscus injuries. In a recent review of our experience at Hermann Hospital, 0.8% of adults will have a hollow viscus injury. An associated splenic injury increases the risk of hollow viscus injury by 6-fold. These hollow viscus injuries, however, are rarely occult. Extravasation of dye is rare. Additionally, while pneumoperitoneum has been emphasized to be another important sign, in our experience it is nonspecific. What we look for is changes in bowel morphology, including dilation of the bowel, thickened bowel wall, or streaking of the mesentery. Often we are not happy with the initial contrast CT scans. The contrast has not had time to move out of the stomach. If we are concerned, the CT scan will be repeated. Alternatively, if we are concerned about a duodenal injury, we get a C-loop contrast study.
Concerning the issue about splenectomy vs splenorrhaphy for failure of nonoperative management, our surgeons are inclined to do a splenectomy. I believe this is inappropriate. There is ample evidence in the literature that the rates of salvage following failure of nonoperative management are the same as for patients undergoing early operative management. In regards to ultrasound, we have no experience, but it is a good idea. 
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